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 The biochemical function of the taiman (TAI) gene in the Drosophila melanogaster 
juvenile hormone pathway has not yet been shown. Studies conducted across different insect taxa 
have demonstrated a strong interaction between taiman and Methoprene-tolerant (Met), the 
proposed juvenile hormone receptor, proposing that taiman operates as a co-factor to 
Methoprene-tolerant during insect development. Although the role of taiman during 
development has been studied across different insect taxa, few studies have examined the role of 
this gene during Drosophila development.  This study examined the role of taiman in the 
juvenile hormone pathway of Drosophila by testing the effects of taiman availability on 
methoprene sensitivity.  
Initial studies revealed that Drosophila overexpressing taiman transgenes exhibited a 
higher susceptibility to the morphological defects associated with methoprene treatment. High 
levels of defects associated with development of the abdominal region proposed methoprene 
sensitivity to be tissue specific. The sensitive period and lethal period observed for flies 
overexpressing taiman was consistent with non-overexpressing flies.  
  Transgenic taiman lines in taiman mutant backgrounds overexpressing the taiman gene 
were created using second and third chromosome balancers, CyOGFP and TM6Bw+ 
respectively. Flies with three copies the of the taiman locus in their genome exhibited higher 
mortality in the presence of methoprene than flies with two copies of the gene, supporting the 













 Human growth and development is dictated by the production and release of hormones 
within the body. From birth until adulthood, hormones coordinate the growth of different tissues 
and different regions of the body, ensuring development occurs at the proper biological time. 
Hormones are signaling molecules produced by glands that are transported via the bloodstream 
to specific tissues or organs to regulate behavior and physiology (Campbell et al., 2008). 
Although all cells are exposed to hormones circulating in the bloodstream, hormones target cells 
that posses specific receptors to which they bind. When a hormone binds to its specific receptor, 
a biological response occurs, contributing to the growth and function of different components of 
the human body (Campbell et al., 2008). Hormonal imbalances, which result from the 
overproduction or underproduction of hormones by glands or by disruptions between the 
hormone and its receptor, can lead to developmental aberrations and disease (Campbell et al., 
2008).  To better understand human disease and development and the role hormones play in 
these biological processes, scientists use the fruit fly, Drosophila melanogaster, as a model 
organism.  Since both fruit flies and humans share closely related genes that work in highly 
conserved regulatory networks, learning more about development in Drosophila can provide 
further insight on how hormones act within the human body and to what extent they are involved 
in growth and maturation.   
 The Drosophila life cycle lasts approximately ten days, starting from the time a mature 
egg is fertilized to the time when the fly ecloses, or successively emerges from its pupal case as 
an adult fruit fly (Jindra et al., 2012). The life cycle consists of the following stages: 
embryogenesis, three larval stages, a pupal stage, and the adult stage (Figure 1). Transitioning 





production of the following stage’s exoskeleton. Transitioning from a larvae to an adult requires 
a complete metamorphosis, where larval tissues are broken down and adult structures are 
formed, inside of a pupal case.  Metamorphosis, transitioning from a larvae to an adult, requires 
two ecdyses, a new pupal cuticle and then an adult cuticle. 
                                        
Figure 1 (adapted from FlyMove): Drosophila stages of development 
The D. melanogaster life cycle lasts approximately ten days, from the time a mature egg is fertilized to the time when the fly 
ecloses. The life cycle consists of four main stages: embryogenesis, a larval stage, a pupal stage and an adult stage. As an embryo 
grows, it develops into a larva. The larval stage of development consists of three instars, or substages. The pupal stage is when 
the metamorphosis from worm-like to fly-like body occurs. Because of the extreme body structure (morphological) changes that 
occur, the pupal stage is subdivided into substages – white prepupae, brown prepupae, pupae, and pharate adults (the adult fly 
inside the pupal case/exoskeleton). Following pupal development is eclosion of the adult fly. 
 
Drosophila metamorphosis is mediated by two hormones, 20-hydroxyecdysone (20E), 
also referred to as ecdysone, and juvenile hormone (JH). Ecdysone, a steroidal hormone, is used 
to signal the transition between each ecdysis, while juvenile hormone, a non-steroidal hormone, 
works to control the nature of each transition, ensuring that larval-to-pupal and pupal-to-adult 
transitions do not occur prematurely (Jindra et al., 2012). When released in the presence of 
juvenile hormone, ecdysone promotes the growth and ecdysis to successive larval stages.  In the 
absence of juvenile hormone, ecdysone promotes entry into metamorphosis, or the formation of 





has been well researched and established, the molecular mechanisms underlying the action of 
juvenile hormone are still being discovered.  
 In a study conducted by Postlethwait (1974), Drosophila sensitivity to ectopic juvenile 
hormone treatment was established. When treated with methoprene, a juvenile hormone mimic, 
wild-type flies exhibited several developmental abnormalities including modification to bristle 
formation, improper male genitalia rotation, and the inability for pharate adults to eclose 
(Postlethwait, 1974). A range of juvenile hormone doses were tested and abdominal tissue was 
most sensitive to the hormone treatment (Postlethwait, 1974). The abdominal cuticle exhibited a 
range of dose dependent defects including the suppression of cuticle pigmentation and lack of 
abdominal bristle formation, causing abdominal cuticle in the adult to appear indistinguishable 
from normal pupal cuticle (Postlethwait, 1974). The developmental stages most sensitive to 
ectopic juvenile hormone treatment were also established through experimentation. Maximal 
sensitivity was observed during the white prepupa stage of development and persisted for twelve 
hours after pupariation (Postlethwait, 1974).  
 Recent experimentation concerning the juvenile hormone pathway found that the protein 
Methoprene-tolerant, or Met1, is the juvenile hormone receptor. Wilson and Fabian (1986) first 
proposed the role of Met in juvenile hormone reception after observing the resistance to lethal 
effects of methoprene, a juvenile hormone mimic, on adult Drosophila development. They found 
that mutagenized Drosophila strains homozygous for Met mutant alleles were able to evade the 
lethal and morphological defects associated with ectopically applied methoprene, such as 
incomplete rotation of the male genitalia and lack of abdominal epidermis differentiation 
(Wilson and Fabian, 1986). Furthermore, DNA sequencing of the Met gene revealed that the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Met refers to the DNA sequence, or gene, Methoprene-tolerant. Met refers to the Methoprene-





protein Met belongs to a family of ligand-dependent transcription factors known as basic-helix-
loop-helix (bHLH)/ Per-Arnt-Sim (PAS) proteins (Jindra et al., 2012). The notion that juvenile 
hormone could be an activating ligand for Met was confirmed when Miura et al. (2005) showed 
that recombinant Drosophila Met was able to bind to JHIII, an analog of juvenile hormone 
(Jindra et al., 2012). The vital role of Met in maintaining a larval state through juvenile hormone 
action was also observed in other insect families (Jindra et al., 2012). 
 In addition to regulating insect metamorphosis, juvenile hormone also plays a vital role in 
insect reproduction. It was shown that Met was required for the juvenile hormone mimic 
methoprene to stimulate ovarian development in the diapausing firebug, Pyrrhocoris apterus, 
females (Smykal et al., 2014). It was also observed that Met RNAi prevented methoprene from 
inducing vitellogenin expression in the fat body of P. aptetus, showing that Met acts as a juvenile 
hormone activated regulator to ensure that oogenesis occurs properly in females of this insect 
family (Smykal et al., 2014).   
 Just as reduction of Met protein reduces sensitivity to juvenile hormone and its mimic, 
methoprene, the addition of Met protein increases sensitivity to juvenile hormone and its mimic 
methoprene. It was found that when Drosophila specifically overexpressing the protein Met were 
methoprene treated, severe morphological defects were observed.  It was shown that methoprene 
treatment of flies overexpressing Met dramatically advanced both the methoprene-sensitive 
period of the flies and the resultant lethal period in development for Drosophila (Barry et al., 
2008).  Additionally, it was found that the higher the methoprene dosage administered, the more 






 Several studies have suggested a role for the protein taiman, or TAI, in the juvenile 
hormone pathway. In order to form active transcription factors, functionally specialized bHLH-
PAS proteins, like Met, must pair with other proteins belonging to its same protein family. 
Taiman, an ecdysone receptor (EcR) coactivator, also belongs to the bHLH-PAS proteins and 
has been shown to form a juvenile hormone dependent complex with Met in the presence of 
juvenile hormone (Jindra et al., 2012). Across insect taxa, taiman has been shown to interact with 
Met. Using Met from the beetle, Tribolium castaneum it was shown that when juvenile hormone 
binds to Met-Met, the homodimer dissociates and the JH – Met complex binds to TAI (Barry et 
al., 2008). In the mosquito, Aedes aegypti, it was also shown that juvenile hormone target gene 
induction was severely inhibited when TAI was knocked down by RNAi, reinforcing the idea 
that the Met – TAI complex is a vital step in juvenile hormone signal transduction (Li et al., 
2007). Furthermore, it was observed that juvenile hormone-induced transcriptional activation by 
the Met-TAI complex was completely inhibited in cell transfection assays if the DNA binding 
domain of either Met or TAI was shortened in A. aegypti  (Li et al., 2007). While TAI has been 
shown to bind to the juvenile hormone complex in several insect species, its biochemical 
function in the juvenile hormone pathway of Drosophila is still unknown.  
 The role of TAI in the juvenile hormone pathway has yet to be demonstrated genetically 
in Drosophila. Since the TAI-Met relationship is found to be conserved in a distantly related 
species, T. casteum, and a more closely related species, A. aegypti, it is predicted that TAI binds 
Met in Drosophila as well. Specifically, it is predicted that altering TAI availability will affect 
sensitivity to the juvenile hormone mimic, methoprene.  It is hypothesized that overexpressing 
TAI will lead to increased sensitivity to juvenile hormone and underexpressing TAI will lead to 





sensitivity in flies with varying amounts of TAI protein. The amount of TAI protein will be 
controlled by utilizing mutants that cannot produce the normal amount of TAI protein and 
transgenic flies with an extra copy of the TAI protein producing more than the normal amount of 
TAI protein.  
METHODS 
 
Drosophila melanogaster Stocks 
 
Rearing and Maintenance of Stocks 
 
 All Drosophila stocks were reared at 25°C. Flies necessary for genetic crosses were 
tossed onto new food every two days and flies being maintained for later experiments were 
tossed onto new food every seven days. All vials used in this experiment consisted of cornmeal-
molasses based Drosophila food medium. Just prior to adding flies, additional yeast was 
sprinkled on top of the food, to serve as an additional nutritional supplement, enhancing the 
growth and reproduction of flies.   
Previously Established Stocks  
A total of six stocks were used. Four of the stocks were ordered from the Bloomington 
Stock Center and two stocks were gifted to the lab.  
The first stock had an ATTP insertion line on the third chromosome developed by Koen 
Venken, VK33 (Bloomington Stock Center (BSC) Number 24871, y[1] M{vas-int.Dm}ZH-2A 
w[*]; PBac{y[+]-attP-3B}VK00033) as a control for a line with a large BAC inserted into the 
ATTP site. The second stock, developed and gifted to the lab by Koen Venken, was used to 
introduce diagnostic phenotypic markers. The stock had a locus coding for the Curly gene plus a 
green fluorescent protein tag (GFP) on the second chromosome and a locus coding for TM6Bw+ 





coding for taiman plus a green fluorescent protein tag (GFP) attached at the C-terminus inserted 
at the VK33 insertion site TAI::GFP (BSC Number 42290, w[1118]; PBac{y[+mDint2] 
w[+mC]=tai-GFP.FLAG}VK00033). The fourth stock, created and gifted to the lab by Michael 
Ludgwig, had a locus coding for the Curly gene plus a green fluorescent (GFP) tag on the second 
chromosome (BSC 8623).  
Two additional stocks, tai 61G1 and tai01351, containing different mutated versions of the 
taiman gene were used to reduce the total amount of TAI protein expressed, (tai 61G1 corresponds 
to BSC Number 6379, dp[ov1] tai[61G1] P{ry[+t7.2]=neoFRT}40A/CyO, and tai01351 
corresponds to BSC Number 11045, P{ry[+t7.2]=PZ}tai[01351] cn[1]/CyO; ry[506].  
 
Verification and Rearing of TAI Mutant Stocks 
 
 Two mutants stocks, tai 61G1 and tai01351, were ordered from the Bloomington Drosophila 
Stock Center. Both mutant stocks contained flies that lack the normal amount of taiman protein. 
Once obtained from the stock center, the flies were placed at room temperature for ten days to 
ensure normal development of the stocks. Once growth and development was observed, the 
mutant stocks were shifted to the 25°C incubator to be maintained for later genetic crosses. Both 
mutant stocks have been used in a previous study of the taiman protein (Bai et al., 2000). 
Although stocks are ordered using a stock number, scientists need to cross check or verify that 
they have received the correct stock. Therefore, each genetic mutant stock has an easily observed 
unique morphological difference, which we will call a diagnostic phenotypic marker. Prior to use 
of the mutant stocks, I confirmed that the correct diagnostic phenotypes were found as described 
in the previous taiman study. It was confirmed that both mutant stocks contained flies with the 





chromosome opposite the taiman mutation. There were no mutant escapers, confirming lethality 
of the taiman mutation.  
 
Establishing New Mutant Stocks  
Virgin Collection for Genetic Crosses 
 Drosophila females can store sperm from previous mating’s to fertilize eggs; therefore, 
virgin females were used in all crosses to ensure the sperm used resulted from the experimental 
cross. Virgins from a specific genotype were collected and placed in new food vials. No more 
than three virgin flies were placed per vial. To confirm that females were virgins, the vials were 
left for three days in a 25°C incubator. After three days, the food in the vials was observed for 
crawling larvae. If no larvae were found in the food, then all flies in the vial were virgins and 
ready for use in genetic crosses.  
 
Genetic Crosses to Obtain Novel TAI Genotypes 
 To observe the effects of taiman on methoprene sensitivity, four novel strains, all of 
similar genetic backgrounds, containing one, two, three and four copies of taiman were created.  
 The genes of interest in these crosses are located on the second and third chromosomes. 
Each cross performed was a mating between a male and virgin female. Punnett squares show all 
the probable offspring that resulted from the cross, or mating, performed. Within the Punnett 
square, the top row lists the possible genetic combinations for the egg, while the first column 
lists the possible genetic combinations for the sperm. The cells created by the intersection of the 
top row and left column represent the genetic makeup of the probable offspring. However, not all 





for one or more diagnostic phenotypic markers desired. These phenotypes were physical features 
that corresponded to, or indicated, the presence of genes needed for experimentation.  
 Geneticists create mutant fly stocks, by mating flies with different traits, to study the 
effects and role of specific genes.  To confirm that a stock was created using a specific gene of 
interest, a balancer chromosome is utilized.  
 A balancer chromosome is an engineered chromosome that contains three additional 
features beyond containing the gene of interest, which for this study is taiman. The first feature is 
that the balancer chromosome contains many inversions, which prevents crossing over of the 
balancer chromosome with its homologue during gamete formation. This ensures that offspring 
produced are based solely on probability, also known as independent assortment. The second 
feature is that the balancer chromosome possesses a dominant allele for a gene, which must be 
heterozygous in order for the adult fly to survive. Two copies of this allele results in lethality, 
meaning an adult fly is not produced. In the case of an accidental crossover event taking place, 
this lethality prevents the creation of a fly stock that has recombinant chromosomes, or crossed 
over chromosomes, which may lack the gene of interest. The third feature of a balancer 
chromosome is that it has one or more genes that create traits that can easily be observed in the 
adult fly. These traits, or phenotypes, allow the offspring of genetic crosses to be screened, or 
sorted through. The gene of interest, which in this study is taiman, cannot be observed in the 
adult fly. However, using balancer chromosomes, flies that possess the correct combination of 
phenotypes are the flies that posses the gene of interest.  
 In this study, two different balancers, one for the second chromosome and one for the 
third chromosome, will be utilized to phenotypically observe and distinguish flies possessing a 





balancer for the second chromosome, which has visible larval, pupal and adult markers. The 
locus (CyO) coding for the Curly gene is seen as curly wings in the adult fly. The green 
fluorescent protein tag, or GFP, is expressed in the anterior and ventral side of the larval, pupal 
and adult body and was observed using a Zeiss SteREO Discovery.V8. microscope. TM6Bw+, a 
balancer for the third chromosome, has a locus for the TM6 gene. TM6Bw+ has visible pupal and 
adult markers, which can be seen as short, tubby pupae and extra bristles on the adult anterior 
thorax. All genes and allele symbols used in this study are defined in Appendix A. 
 To obtain the novel taiman genotypes, six genetic crosses were set up as follows.  
Cross 1: Introducing a Second Chromosome Balancer    
 The first genetic cross (Figure 2) was performed to introduce a second chromosome 
balancer, CyOGFP, into a stock with a third chromosome balancer, TM6Bw+. Virgin females 
heterozygous for the CyOGFP chromosome and a Sco (scutoid) marked chromosome were 
mated to males double balanced with a CyO and a Sco marked second chromosome and a 
TM6Bw+ and D (dumpy) marked third chromosome.  
♀     𝑆𝑐𝑂
𝐶𝑦𝑂𝐺𝐹𝑃
   ;   
+
+
     x   ♂   𝑆𝑐𝑂
𝐶𝑦𝑂




 Once crossed, the flies were tossed onto new food every two days. After ten days, the 
newly emerging flies were screened for the desired genotype !"#
!"#$%&
   ;    !
!"!!!!
. Flies were 
selected for the diagnostic phenotypic marker of GFP protein in the mouth parts, curly wings, 
TM6 bristles on the anterior thorax and dark orange eyes. All other flies with different 
phenotypic combinations were discarded. Males of the newly created !"#
!"#$%&
   ;    !
!"!!!!
 genotype 






































Figure 2: First genetic cross performed to obtain 𝑺𝒄𝑶
𝑪𝒚𝑶𝑮𝑭𝑷
;    !
𝑻𝑴𝟔𝑩𝒘!
 genotype with the CyOGFP balancer on the second 
chromosome and the TM6Bw+ balancer on the third chromosome. 
A. The cross/mating. B. The Punnett square. In the blue shaded box is the genotype of the offspring kept and used in successive 
crosses. All other offspring were discarded. C. The stepwise selection process with which the offspring were screened. Since the 
curly wing trait is linked to the GFP trait, flies were first screened for GFP, followed by TM6 bristles, scutoid bristles and dark 
orange eye color. (Refer to Appendix A for gene and allele descriptions) 
 
Cross 2: Introduction of Taiman::GFP  
  The second genetic cross was performed to introduce taiman, marked with GFP, into a 
fly strain possessing a second chromosome balancer, CyOGFP, and a third chromosome 
balancer, TM6Bw+. Virgin females possessing two copies of TAI::GFP on the third chromosome 
were mated to males collected from Cross 1 (Figure 3).   
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𝑡𝑎𝑖𝐺𝐹𝑃
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 The newly emerging flies from this cross were screened for the desired genotype, 
!
!"#$%&
;    !"#$%&
!"!!!!
.    Flies were selected for curly wings, GFP protein in the thorax, TM6 bristles on 
the anterior thorax and dark orange eyes. Flies with other phenotypic combinations were 
discarded. Both males and virgin females of the !
!"#$%&
;    !"#$%&
!"!!!!
   genotype were collected and a 
stock was created by mating the virgin females and males collected for this genotype.  In 
addition, some of the newly created males with the !
!"#$%&
;    !"#$%&
!"!!!!
  genotype were collected and 





















Figure 3: Second genetic cross performed to obtain !
𝑪𝒚𝑶𝑮𝑭𝑷
;    𝒕𝒂𝒊𝑮𝑭𝑷
𝑻𝑴𝟔𝑩𝒘!
  with taiman protein marked with GFP and both 
CyOGFP and TM6Bw+balancers as phenotypic markers.  
A. The cross/mating. B. The Punnett square. In the blue shaded box is the genotype of the offspring to be kept and used in future 
crosses. All other offspring were discarded. C. The stepwise selection process with which the offspring were screened. Since the 
curly wing trait is linked to the GFP trait, flies were first screened for curly wings, followed by TM6 bristle, and dark orange eye 
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Cross 3: Introduction of Mutant Taiman Alleles 
 The third genetic cross was performed to introduce mutant taiman alleles into the flies 
generated in Cross 2 (Figure 4).  Virgin females with only one wild-type copy of taiman and a 
CyO balancer on the second chromosome were mated to males collected from the second cross 
containing a CyOGFP balancer on the second chromosome and TM6Bw+ and taiGFP balancers 
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 Two different taiman mutants were utilized for this cross, tai 61G1(Bloomington Stock 
Number 6379) and tai01351 (Bloomington Stock Number 11045). Therefore, two separate crosses 
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  Newly emerging flies from both crosses were screened for two desired genotypes. 
The flies of the first genotype, !"#
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 (Figure 4, Blue Box), had curly wings, TM6 
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Figure 4: Third genetic cross performed to obtain 𝒕𝒂𝒊
!
𝑪𝒚𝑶𝑮𝑭𝑷
;    !
𝑻𝑴𝟔𝑩𝒘!




;    !
𝒕𝒂𝒊𝑮𝑭𝑷
 (Purple Box) genotype possessing two functional copies of taiman, with one copy of taiman 
marked with GFP. 
A. The two crosses performed. The males utilized were the same, but the virgin females utilized were from each of the two tai- 
single copy mutant stocks, tai61G1 or tai-01351. B. The Punnett square. The two shaded boxes are genotypes for the offspring to be 
kept. The blue shaded box represents flies that have one functional copy of taiman and the purple shaded box represents flies that 
have two functional copies of taiman, with one copy marked with GFP. C. The stepwise selection process used to screen the flies  
There were too few offspring produced from the ♀   !"#
!"#$"
!"#
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   ;   !"!!!
!
!"#$%&
 cross. Therefore, flies resulting 
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Cross 4: Generating Flies for a Rescue Experiment 
  The fourth genetic cross was performed to obtain double balanced flies with mutant 
taiman balanced with CyOGFP and TAI::GFP balanced with TM6Bw+ (Figure 5). All of the 
offspring of this cross were identified with markers visible in the larvae, pupae and adults, to 
ensure that genotypes of animals dying as pupae could be determined. This cross was conducted 
using only the tai 61G1 mutant allele.  Males and virgin females of each genotype collected from 
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;    !
!"#$%&
 genotype were crossed to virgin females of the 𝑡𝑎𝑖
61𝐺1
!"#$%&
;    !
!"!!!!
 genotype 
and vice versa. This switching of the traits between the males and females is known as a 
reciprocal cross. The resulting offspring from this reciprocal cross would not differ, as the traits 
involved in the mating scheme are not sex-linked.  
 Newly emerging flies were screened for the desired genotype 𝑡𝑎𝑖
61𝐺1
!"#$%&
;    !"#$%&
!"!!!!
. Males and 
virgin females with curly wings, TM6 bristles on the anterior thorax, GFP in the thorax and dark 
orange eyes were collected. Flies with straight wings, no TM6 bristles on the anterior thorax and 
white, light orange or red eyes were discarded. All flies collected from this genetic cross were 










Figure 5: Fourth genetic cross performed to obtain 𝒕𝒂𝒊
𝟔𝟏𝑮𝟏
𝑪𝒚𝑶𝑮𝑭𝑷
;    𝒕𝒂𝒊𝑮𝑭𝑷
𝑻𝑴𝟔𝑩𝒘!
 genotype with two functional copies of taiman as a 
result of mutant taiman allele, tai61G1 and TAI::GFP. 
A. The two reciprocal crosses performed.  B. The resulting Punnett square. The gametes listed are all the different possible 
combinations between the two crosses. In the blue shaded box is the genotype for offspring to be kept and used in future crosses. 
All other offspring were discarded. The cross and its reciprocal cross illustrate that there were two ways to obtain the same 
offspring. The desired genotype has two functional copies of taiman. C. The stepwise selection process with which the offspring 
were screened. Of the offspring obtained, flies were screened for curly wings, TM6 bristles on the anterior thorax and dark 
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Cross 5: Complementation Test 
 This cross was conducted to observe whether the insertion of TAI::GFP on the third 
chromosome could compensate for the lack of protein production from the mutant taiman gene 
on the second chromosome, known as a complementation test (Figure 6). This genetic cross was 
also done to obtain four novel genotypes, of similar genetic backgrounds, possessing one, two or 
three copies of taiman (Figure 7).  
 To confirm that the taiman mutant genes on the second chromosome, tai61G1 and tai11045, 
could be compensated by a taiman gene, TAI::GFP, Cross 5 was redone a third time using both 
the tai 61G1 mutant allele and the tai11045 mutant allele (Figure 6). Survival of flies possessing two 
copies of the taiman mutant gene (Figure 6, Part B, Blue and Green Boxes) would confirm a 
“rescue” of the gene in question. Flies from this cross were used solely for the purpose of 
confirming the rescue of the endogenous taiman function and were not used to perform 
















Figure 6: Cross 5 was performed using both taiman mutant alleles (tai61G1 and tai11045) to determine if taiman on the third 
chromosome could rescue offspring. 
A. The cross. B. The Punnett square. Offspring not highlighted in the Punnett Square had lethal genetic combinations. C. The 
stepwise selection process with which the offspring were screened for the various genotypes. D. Ratios expected to be observed 
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𝒕𝒂𝒊𝟏𝟏𝟎𝟒𝟓;   𝑻𝑴𝟔𝑩𝒘! 
 
𝑡𝑎𝑖!!"#$















































C	   (1X	  TAI	  -­‐	  Blue)	  Straight	  Wings	  à 	  TM6	  Bristles	  à 	  Light	  Orange	  Eyes	  
(2X	  TAI	  -­‐	  Green)	  	  Straight	  Wings	  à 	  Normal	  Anterior	  Thorax	  Bristles	  à 	  Light	  Orange	  Eyes	  
(2X	  TAI	  -­‐	  Red)	  Curly	  Wings	  à 	  TM6	  Bristles	  à 	  Dark	  Orange	  Eyes	  


































































 The fifth cross involved mating the male and female offspring from Cross 4 that had 
curly wings, TM6 bristles on the anterior thorax and GFP in the mouthparts (Figure 7). The dark 
orange eye color for both males and females utilized in this cross were due to the mini-white 
(w+) gene, found on the X (or sex) chromosome, of the flies as well as on the TM6Bw+ balancer 
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 All newly emerging flies from this cross were counted and separated according to the 
number of copies of taiman it possessed. The ratio for each genotype observed from this genetic 
cross was then compared to the expected ratios for each genotype as determined by the Punnett 
square drawn (Figure 7, Part D). After recording the ratio of each genotype found in the 
population, males and virgin females possessing the same phenotypic traits as the parent flies 
were collected and used to set up the same genetic cross a second time. Flies from the second 
round of this genetic cross were used to test methoprene sensitivity. To determine how the 
number of copies of taiman affects methoprene sensitivity, ratios for each expected genotype, 
based upon the findings from the first time this cross was performed, were compared to the ratios 













Figure 7: Fifth genetic cross performed to obtain 1X (Blue), 2X(Green and Red), and 3X  (Purple) TAI mutants. 
A. The cross. B. The Punnett square. Offspring not highlighted in the Punnett Square had lethal genetic combinations. C. The 
stepwise selection process with which the offspring were screened for the various genotypes. D. Ratios expected to be observed 
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𝒕𝒂𝒊𝟔𝟏𝑮𝟏;   𝑻𝑴𝟔𝑩𝒘! 
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C	   (1X	  TAI	  -­‐	  Blue)	  Straight	  Wings	  à 	  TM6	  Bristles	  à 	  Light	  Orange	  Eyes	  
(2X	  TAI	  -­‐	  Green)	  	  Straight	  Wings	  à 	  Normal	  Anterior	  Thorax	  Bristles	  à 	  Light	  Orange	  Eyes	  
(2X	  TAI	  -­‐	  Red)	  Curly	  Wings	  à 	  TM6	  Bristles	  à 	  Dark	  Orange	  Eyes	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Cross 6: 3X and 4X TAI in Wild-Type Background 
 The last genetic cross was used to obtain a novel genotype possessing three and four 
copies of the taiman locus. The !
!"#$%&
;    !"#$%&
!"!!!!
   stock created from the second genetic cross was 













 All newly emerging flies from this genetic cross were counted and separated according to 
the different genotypes expected based upon the Punnett square drawn (Figure 8). The ratio of 
each genotype observed in the population of newly emerging flies was compared to the expected 
ratio as dictated by the Punnett square drawn (Figure 8, Part D). After recording the ratio of each 
genotype found in the population, virgin females and males possessing the same phenotypic 
traits as the parent flies were collected and used to set up the same genetic cross a second time. 
Flies from the second round of this genetic cross were used to test methoprene sensitivity. The 
effect of an increased number of taiman copies on methoprene sensitivity was observed and 
compared to ratios for each expected genotype based upon the findings from the first time this 
cross was performed to the ratios of each genotype found within the population of eclosed flies 









Figure 8:  Sixth genetic cross to obtain 3X TAI (Orange and Green) and 4X TAI (Blue and Purple)   
A. The cross. B. The Punnett square. Offspring in the orange and green shaded boxes have three functional copies of taiman and 
offspring in the blue and purple shaded boxes have four functional copies of taiman. All other offspring not highlighted in the 
Punnett square had lethal genetic combinations. C. The stepwise selection process with which the offspring were screened for the 
various genotypes. D. Ratios expected to be observed for each genotype in the population of flies that emerge from the sixth 
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(3X TAI - Orange) Straight Wings à  TM6 Bristles à  Dark Orange Eyes 
(3X TAI - Green) Curly Wings à  TM6 Bristles à  Light Orange Eyes 
(4X TAI - Blue) Straight Wings à  Normal Anterior Thorax Bristles à  Light Orange Eyes 
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The Crosses: In Summary 
 
 The previous six genetic crosses were done to create Drosophila stocks with novel 
taiman genotypes. Crosses 1 through 4 were performed to add balancer chromosomes with 
diagnostic phenotypic markers so offspring with copies of taiman could be screened. Cross 5 and 
6 were performed to create Drosophila stocks with varying copies of taiman to be used in 
methoprene sensitivity assays (Figure 9).  
Novel	  Genotypes	  Possessing	  Varying	  Copies	  of	  
Taiman	  










































Figure 9: Novel Genotypes Created with Taiman 
Flies obtained from the fifth and sixth genetic crosses were novel genotypes created possessing a varying number of copies of 
taiman. The novel genotypes created were used to test methoprene sensitivity in relation to the number of copies of taiman 
available. Flies have two endogenous functional copies of taiman on the second chromosome, which either is replaced by the 
nonfunctional mutant, tai61G1, or gains an additional copy of taiman on the third chromosome, taiGFP.  
 
Methoprene Experimentation 
Ectopic Methoprene Treatment of White Prepupae  
 This was a pilot study conducted to test methoprene sensitivity of flies overexpressing 
taiman. Two Drosophila stocks were treated with different methoprene dilutions to test for 





copies of the taiman locus, and TAI::GFP/TAI::GFP, which possesses two endogenous and two 
extra copies of the taiman locus. To begin methoprene treatment, white prepupa of each 
genotype were collected and placed in their respective petri dishes lined with dampened 
Whatman filter paper. Enough white prepupa of each genotype was collected so that either a high 
dose or a low dose of methoprene could be individually administered to the white prepupa.  The 
high dose of methoprene administered was 0.2	  μL	  of	  42 ng of methoprene in	  0.5	  μL	  of	  acetone 
and the low dose of methoprene administered was 0.2	  μL	  of 4.2	  ng	  of	  methoprene	  in	  0.5	  μL	  of	  
acetone. To administer the methoprene solution, a p2 micropipettor was used to ectopically 
administer 0.5 µL of the methoprene solution on the white prepupa. Once each white prepupa of 
each genotype was treated, the animals were allowed to continue development. Each stage of 
development was observed and scored for phenotypic abnormalities. It was noted at which stage 
abnormal development began and what abnormality was observed.  
 
Methoprene Treatment of Food  
 
Due to the inefficiency of treating individual white prepupa, I switched to treating all 
individuals in a culture vial by applying methoprene to the food.  To test the effectiveness of this 
method, a stock containing second chromosome balancers, !"#
!"#$%$&'(
, was used. Flies were 
tossed onto new food and left for three days to allow for mating and egg laying.  Adult flies were 
then removed from the vials, to allow for development of the eggs. When crawling larvae were 
observed in the food, 25 µL of 1 µg/mL methoprene dissolved in ethanol was evenly distributed 
across the surface of the food. The vials were then left for ten days and development of flies in 







Methoprene Treatment of Novel TAI Genotypes 
 To test the methoprene sensitivity of the novel taiman genotypes created (Figure 9), the 
food vials containing the novel genotypes were treated with 25µL of diluted methoprene solution 
(25 ng of methoprene dissolved in 25 µL of ethanol). Using a micropipettor, 25 µL of the diluted 
methoprene solution was evenly spread across the food while the larvae were crawling in the 
food. The flies were allowed to continue development and observed for any metamorphic 
aberrations. Following eclosion, male flies were observed for abnormal genitalia rotation. 
Additionally, the number of flies that eclosed for each expected genotype was compared to the 
number of flies that failed to eclose.  
RESULTS 
 
Drosophila with Four Copies of the taiman locus Demonstrate Increased Methoprene 
Sensitivity 
 Flies with wild-type taiman on the second chromosome and homozygous for TAI::GFP 
on the third chromosome contain a total four copies of the taiman locus in their genomes 
(+;TAI::GFP). These flies demonstrated increased methoprene sensitivity as compared to VK33 
flies, containing only two wild-type copies of taiman (Figure 10). Treatment of white prepupa of 
the VK33 and +;TAI::GFP genotypes with both a low and high dose of methoprene led to 
developmental aberrations with the greatest effect on the abdominal region of the animal, 
including abnormal abdominal bristle formation and suppression of abdominal cuticle 
pigmentation.  
 Following administration of the low methoprene dose, 33.3% of the +;TAI::GFP pharate 
adults, or flies within the pupal case, exhibited normal abdominal bristle formation and 





normal development of the abdominal tissue (Figure 10). The data suggests that the flies with 
four copies of taiman were more sensitive to the ectopic methoprene treatment as compared to 
the flies possessing two copies of taiman, as less of the +;TAI::GFP flies normally developed the 
abdominal region of the body as compared to the VK33 flies. Complete failure to eclose by the 
+;TAI::GFP flies following methoprene treatment confirmed this notion (Figure 10).  
 
Figure 10: Percentage of Animals That Survived and Exhibited Normal Phenotypes at Each Stage of Development 
Following Treatment with a Low Methoprene Dose 
+;TAI::GFP, which have four functional copies of taiman, and VK33 flies, which have two functional copies of taiman, were 
administered a low methoprene dose (4.2 ng of methoprene in 0.5 µL of acetone). Only 33.3% of the +;TAI::GFP animals 
exhibited normal bristle formation and cuticle pigmentation of the abdominal region, while 44.4% of the VK33 flies 
demonstrated normal development of the abdominal region. All of the +;TAI::GFP flies exhibited failure to eclose. 
	  
 Following administration of the high methoprene dose, 94.5% of the VK33 pharate adult 
flies exhibited normal head and thoracic bristle formation, while only 75.0% of the +;TAI::GFP 
pharate adult flies exhibited normal head and thoracic bristle formation, suggesting the 
+;TAI::GFP had increased methoprene sensitivity during the pupal stage of development (Figure 
11). At the high dose of methoprene, both the VK33 and +;TAI::GFP pharate adult flies 
demonstrated increased methoprene sensitivity during development of the abdominal tissue, as 
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    VK33 (n = 36) 
+;TAI::GFP  





abdominal bristles following treatment (Figure 11). Both the VK33 and +;TAI::GFP pharate 
adults failed to eclose.    
	  
Figure 11:  Percentage of Animals that Survived and Exhibited Normal Phenotypes at Each Stage of Development 
Following Treatment with a High Methoprene Dose 
+;TAI::GFP, which have four functional copies of taiman, and VK33 flies, which have two functional copies of taiman, were 
administered a high methoprene dose (42 ng of methoprene in 0.5 µL of acetone). Only 75.0% of the +;TAI::GFP animals 
exhibited normal head and thoracic bristle formation, while 94.5% of the VK33 flies demonstrated normal head and thoracic 
bristle formation. All of the +;TAI::GFP and VK33 flies failed to eclose.   
	  
Methoprene Treatment of Food Leads to Milder Phenotypic Effects  
 Treatment of food vials with methoprene solution led to milder phenotypic effects as 
compared to those observed following ectopic treatment of individual white prepupa. Most 
individually treated animals failed to eclose (Figures 10 and 11), while between 14.3 and 43.2 % 
of animals exposed to treated food eclosed (Figure 12). Of the flies that eclosed following 
methoprene treatment of the food, males were scored for abnormal genitalia rotation. Among the 
four replicate food vials treated, the percentage of animals that failed to eclose was highly 
variable (Figure 12). However, the percentage of eclosed males with abnormal rotation of the 
genitalia was more consistent throughout the replicates, with roughly 30-36% of all the males in 
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Figure 12: Percentage of Animals that Failed to Eclose Following Methoprene Treatment of Food 
The figure demonstrates that the percentage of animals that failed to eclose within each replicate was highly variable, ranging 
from roughly 14.3  - 43.2% of animals. While the eclosion rates were highly variable, the effects seen were mild, as the 




Figure 13: Percentage of Males with Abnormally Rotated Genitalia Following Methoprene Treatment of Food 
Of all the males that eclosed, roughly 30 – 36% of males exhibited abnormal rotation of their genitalia. These results were 
consistent among all four replicates treated.  
	  
	  
Generation of Double Balanced tai Mutant; TAI::GFP Stocks 
	   Initial	  attempts	  were	  made	  to	  produce	  double	  balanced	  tai	  mutants;	  TAI::GFP	  stocks	  
with	  two	  different	  mutant	  alleles,	  tai 61G1 and tai01351, during Cross 3. Due to low survival rates 
of the tai01351 flies, methoprene sensitivity assays were impractical. All data and results obtained 
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TAI::GFP Failed to Rescue Adult Lethality in tai 61G1 Homozygotes 
 
 The fifth genetic cross was performed to 1) test if the TAI::GFP protein could rescue 
lethal tai mutants and 2) generate flies with one, two, or three copies of the taiman locus to use 
for methoprene sensitivity assays. If TAI::GFP was capable of rescuing tai- lethality, the 
expected ratio of each genotype in the offspring population would be as shown in Figure 14 (See 
also Figure 7). 
 Flies homozygous for the tai 61G1 mutant gene on the second chromosome were not found 
in the adult population. Within the population of flies which eclosed, only the genotypes 
possessing two copies of taiman and three copies of taiman were found. Observation of the food 
vials from the cross showed that all flies eclosed from the pupal cases, suggesting the possible 
embryonic or larval death of flies homozygous for the tai 61G1 mutant gene. TAI::GFP failed to 
rescue tai 61G1 homozygotes.  
 The observed ratios of each genotype from this cross would serve as the expected ratios 
of adults for each genotype when testing methoprene sensitivity.  

































Figure 14: Comparison of Expected vs. Observed Ratios for Each Genotype of Cross 5 Offspring. 
It was found that flies homozygous for the tai 61G1 mutant gene on the second chromosome were lethal. Empty pupal cases on the 
walls of the food vials suggest the possible embryonic or larval death of flies homozygous for the tai 61G1 mutant gene. The values 







TAI::GFP Rescued Adult tai 61G1/ tai 11045 Heterozygotes 
 
 Since TAI::GFP failed to rescue adult tai61G1 homozygotes, the fifth genetic cross was 
performed a third time to test if the TAI::GFP protein could rescue tai mutants heterozygous for 
tai61G1 and tai11045 on the second chromosome. If TAI::GFP was capable of rescuing tai- lethality, 
the expected ratio of each genotype in the offspring population would be as shown in Figure 15 
(See also Figure 6). 
 Flies heterozygous for the tai mutant alleles on the second chromosome were found in the 
adult population, indicating that TAI::GFP on the third chromosome was able to rescue the 
function of the endogenous taiman gene. Rescued flies with one copy of taiman eclosed at a 
lower percentage than expected (Figure 15). However, flies with two or three copies of taiman 
eclosed at a higher percentage than expected (Figure 15).  
  Success of the rescue experiment confirmed that methoprene sensitivity assays could be 
performed on the flies of both Crosses 5 and 6.  
 








































 22.2% 28.13% 
Figure 15: Comparison of Expected vs. Observed Ratios for Each Genotype of Cross 5 Offspring. 
It was found that TAI::GFP rescued flies heterozygous for the tai 61G1 and tai 11045 mutant genes on the second chromosome. The 







Genotypes Containing Second and Third Chromosome Balancers Survive about as well as 
Genotypes Without Balancers 
 
 The sixth genetic cross was performed to obtain offspring of novel genotypes possessing 
three and four copies of the taiman locus to use for methoprene sensitivity assays. Before 
performing the methoprene sensitivity assay, survival of each genotype was determined. The 
three copy taiman genotype with only the TM6Bw+ balancer on the third chromosome eclosed at 
a slightly lower rate than expected, while the three copy taiman genotype with the CyOGFP 
balancer on the second chromosome and TM6Bw+ balancer on the third chromosome eclosed at 
a slightly higher percentage than expected (Figure 16). The four copy taiman genotype 
homozygous for the TAI::GFP gene on the third chromosome eclosed at a slightly higher 
percentage than expected while the four copy taiman genotype with the CyOGFP balancer on the 
second chromosome eclosed at approximately the same percentages as that of the expected value 
(Figure 16, see also Figure 8).  
 The observed ratios of each genotype from this cross would serve as the expected ratios 
of adults for each genotype when testing methoprene sensitivity. 
 





























 22.2% 21.9 % 
 
Figure 16: Comparison of Expected vs. Observed Ratios for Each Genotype of Cross 6 Offspring. 
It was found that the ratios observed for each genotype were similar the ratios expected based upon the Punnett square drawn in 
Figure 8, Part D, with the exception of the !
!
;    𝒕𝒂𝒊𝑮𝑭𝑷
𝑻𝑴𝟔𝑩𝒘!







Sensitivity Is Affected By Use of TM6Bw+ and CyOGFP Chromosome Balancers 
 
Survivorship of Complementation Test (Cross 5) Offspring Is Altered After Methoprene 
Treatment 
 
 Following methoprene treatment, all eclosed adults were scored. Flies with three copies 
of the taiman locus survived better than flies with two copies of the taiman locus (Chi-square, n 
= 386, p < 0.001). It was expected that 66.0% of the population of eclosed flies would consist of 
the two copy taiman genotype (Figure 17, see also Figures 7 and 14). However, it was observed 
that only 62.0% of the population following methoprene treatment consisted of the two-copy 
taiman genotype. In contrast, a greater percentage of the three-copy taiman genotype, with the 
CyOGFP second chromosome balancer, eclosed as compared to the expected percentage (Figure 
17). It was expected that 33% of the population of eclosed flies would consist of the three-copy 
taiman genotype, however, it was observed that 38% of the total population consisted of the 
three-copy taiman flies (Figure 17). Since the genotypes differ by the presence/absence of the 
third chromosome balancer, in addition to the number of copies of the taiman locus, it is unclear 
which factor is responsible for the difference in methoprene sensitivity. 
 
















Figure 17: Comparison of Expected vs. Observed Ratios for Each Genotype of Cross 5 Offspring Following Methoprene 
Treatment 










Methoprene Treatment of Cross 6 Offspring 
 
 Following methoprene treatment, the survivorship of flies was different than the 
untreated vials (Chi-square, n = 343, p < 0.005). The three copy taiman genotype with the 
TM6Bw+ third chromosome balancer eclosed at a lower percentage than expected, while the 
three copy taiman genotype with the CyOGFP second chromosome balancer eclosed at a higher 
percentage than expected (Figure 18, see also Figures 8 and 16). In contrast, flies of both the four 
copy taiman genotypes eclosed at a higher percentage than expected (Figure 18).   

































21.9 % 25.9 % 
 
Figure 18: Comparison of Expected vs. Observed Ratios for Each Genotype of Cross 6 Offspring. 
Following methoprene treatment of flies with either three copies or four copies of the taiman locus, it was found that the ratio of 
each genotype observed differed from the ratio expected for each genotype.  
 
CyOGFP and TM6Bw+ Balancers Effect Methoprene Sensitivity 
 Comparison of the flies from both the fifth and sixth genetic crosses revealed a pattern of 
increased methoprene sensitivity for flies possessing the TM6Bw+ third chromosome balancer. 
The presence of the TM6Bw+ balancer was shown to decrease survival rate of flies, as fewer 
flies were observed than expected. In contrast, the presence of the CyOGFP second balancer 
chromosome increased the survival rate of flies, as an increased number of flies with this 





 To assess the effects of each individual balancer on methoprene sensitivity, flies with the 
same number of taiman loci were compared (Figure 19). Two control genotypes, VK33 and 
+;TAI::GFP (homozygous for TAI::GFP), were used as controls, as both of these genotypes lack 
balancers on their second and third chromosomes. The VK33 flies, which posses two copies of 
the taiman locus, were compared to novel taiman genotypes containing either two copies or three 
copies of the taiman locus in addition to the TM6Bw+ balancer. The +;TAI::GFP flies, which 
possess four copies of the taiman locus, were compared to novel taiman genotypes possessing 
either three or four copies of the taiman locus and no  TM6Bw+ balancer. Data obtained for 
eclosion rates and male genitalia rotation for each of these two controls was taken from a 
previous study conducted by a fellow colleague conducting studies on genome-wide methoprene 
response (Migunova, E., unpublished).   
 The genotypes to be compared were given abbreviated names as followed in Figure 19.  
Abbreviation Genotype 







2X TAI – 3rd. Chrom. Balancer 𝑡𝑎𝑖!"!!
𝐶𝑦𝑂𝐺𝐹𝑃 ;   
𝑡𝑎𝑖𝐺𝐹𝑃
𝑇𝑀6𝐵𝑤!  
3X TAI – 3rd Chrom. Balancer !
!
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!"!!!!
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3X TAI – 2nd Chrom. Balancer 𝑡𝑎𝑖!"!!
𝐶𝑦𝑂𝐺𝐹𝑃 ;   
𝑡𝑎𝑖𝐺𝐹𝑃
𝑡𝑎𝑖𝐺𝐹𝑃  









4X TAI – No Balancer (Control) 𝑡𝑎𝑖!
𝑡𝑎𝑖! ;   
𝑡𝑎𝑖𝐺𝐹𝑃
𝑡𝑎𝑖𝐺𝐹𝑃  
Figure 19: Abbreviations Used to Compare Flies with the TM6Bw+ third chromosome balancer and the CyOGFP second 
chromosome balancer 
Flies were given abbreviated names based upon the number of copies of taiman they posses and the balancer they possess. For 
flies abbreviated as 4X TAI – 2nd Chrom. Balancer, data was combined from two genotypes containing four copies of the taiman 
locus. While scoring uneclosed flies from Cross 6, the two genotypes of flies possessing four copies of the taiman locus could not 
be differentiated based upon examination of the pupal case. As a result, data for the number of flies that eclosed and failed to 












 genotype does not have a CyOGFP 





TM6Bw+ Balancer May Increase Methoprene Sensitivity 
 In comparing eclosion rates of VK33 flies, which have two copies of the taiman locus 
and no balancer, to the novel taiman genotype possessing two copies of the taiman locus in 
addition to the TM6Bw+ third chromosome balancer (2X TAI – 3rd Chrom. Balancer), flies with 
the TM6Bw+ balancer exhibited a lower percent of eclosion. While 70.0% of the VK33 flies 
were shown to eclose following methoprene treatment, only 51.5% of the 2X TAI – 3rd Chrom. 
Balancer flies eclosed following treatment (Figure 20). Similarly, when flies with three copies of 
the taiman locus in addition to the TM6Bw+ balancer (3X TAI – 3rd Chrom. Balancer) were 
compared to flies with three copies of the taiman locus in addition to the CyOGFP and TM6Bw+ 
balancers (3X TAI – 2nd Chrom. Balancer), flies with only the TM6Bw+ balancer demonstrated a 
lower percent of eclosion. While 62.1% of the 3X TAI – 2nd Chrom. Balancer flies were able to 
eclose normally (Figure 21), only 20.9% of the 3X TAI – 3rd Chrom. Balancer flies were able to 
eclose (Figure 20). The data suggests that the TM6Bw+ third chromosome balancer induces 
increased methoprene sensitivity.  
 When comparing the percentages of eclosed males with normally and abnormally rotated 
genitalia among VK33 flies and 2X TAI – 3rd Chrom. Balancer flies, 100% VK33 males 
exhibited malrotation of the genitalia following methoprene treatment, while only 72.4% of 2X 
TAI – 3rd Chrom. Balancer malrotation of the genitalia (Figure 22), Similarly, when comparing 
flies with three copies of the taiman locus, 74.3% of the 3X TAI – 2nd Chrom. Balancer males 
exhibited abnormal genitalia positioning (Figure 23), while 57.6% of the 3X TAI – 3rd Chrom. 
Balancer males failed to rotate their genitalia to the correct position (Figure 22). The data 
suggests that the TM6Bw+ balancer may play a role in decreasing methoprene sensitivity of 





less malrotation of the genitalia when compared to flies lacking the balancer or possessing the 
CyOGFP balancer.  
 
CyOGFP Balancer May Decrease Methoprene Sensitivity 
  In comparing eclosion rates of 3X TAI – 2rd Chrom. Balancer flies, which have the 
CyOGFP second chromosome balancer in addition to the TM6Bw+ balancer, to 3X TAI – 3rd 
Chrom. Balancer flies, which have only the TM6Bw+ third chromosome balancer, it was found 
that flies with the CyOGFP balancer eclosed at higher percentages (Figures 20 and 21). While 
62.1% of the 3X TAI – 2rd Chrom. Balancer flies eclosed normally (Figure 21), only 20.9 % of 
the 3X TAI – 3rd Chrom. Balancer flies eclosed (Figure 20), suggesting that the CyOGFP 
balancer decreases methoprene sensitivity when compared to flies possessing the TM6Bw+ 
balancer.   
 However, when comparing the eclosion rates of the 4X TAI – 2rd Chrom. Balancer flies 
to the +;TAI::GFP control flies, which lack a balancer, it was observed that the presence of the 
CyOGFP balancer increases methoprene sensitivity of flies, causing less flies to normally eclose. 
While 70.6% of the +;TAI::GFP normally eclosed, only 27.2% of the 4X TAI – 2rd Chrom. 
Balancer flies normally eclosed (Figure 21).  
 Given the contrasting effects of CyOGFP on eclosion, the data suggests that the presence 
of the CyOGFP balancer itself, when compared to flies lacking any balancers, causes an increase 
in methoprene sensitivity, leading to a smaller percentage of healthy flies eclosing. However, 
when the methoprene response evoked by CyOGFP is compared to the methoprene response of 






 When comparing the percentages of eclosed males with normally and abnormally rotated 
genitalia between 3X TAI – 2rd Chrom. Balancer flies and 3X TAI – 3rd Chrom. Balancer flies, 
25.6% of the 3X TAI – 2rd Chrom. Balancer males were able to rotate their genitalia to the 
correct position following methoprene treatment (Figure 23), while only 42.4% of 3X TAI – 3rd 
Chrom. Balancer malrotation of the genitalia (Figure 22), suggesting that CyOGFP increases 
methoprene sensitivity during the development of male reproductive organs, consequently 
inhibiting rotation of male genitalia to its correct position during development.   
 In contrast, when comparing flies with four copies of taiman, 47.6% of the 4X TAI – 2nd 
Chrom. Balancer males exhibited correct genitalia positioning, while 18.0% of the +;TAI::GFP 
flies were able correctly rotate their genitalia to the correct position (Figure 23). The data 
suggests that the CyOGFP balancer may play a role in decreasing methoprene sensitivity of 
males, specifically during genitalia development as flies with the CyOGFP balancer exhibited 







Figure 20: Percentage of Animals with the TM6Bw+ Balancer that Eclosed Versus Failed to Eclose Following Methoprene 
Treatment. 
Flies with two and three copies of the taiman locus in addition to the TM6Bw+ balancer demonstrated increased sensitivity to 
methoprene treatment as exhibited by lower percentages of eclosion following methoprene treatment. VK33 flies were used a 
control genotype to assess the effect of TM6Bw+ balancer on methoprene sensitivity. 
	  
	  
Figure 21: Percentage of Animals with CyOGFP balancer that Eclosed versus Failed to Eclose Following Methoprene 
Treatment. 
Flies with three and four copies of the taiman locus in addition to the CyOGFP balancer demonstrated decreased sensitivity to 
methoprene treatment when compared to flies with the TM6Bw+ balancer. When compared to flies lacking a balancer, the 
CyOGFP balancer demonstrated increased methoprene sensitivity, as shown by the decrease in percentage of eclosion. 
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Figure 22: Percentage of Eclosed Males with TM6Bw+ Balancer that Exhibited Normal Genitalia Positioning 
Versus Abnormal Genitalia Positioning Following Methoprene Treatment 
The data demonstrates that the TM6Bw+ balancer may play a role in decreasing methoprene sensitivity of males, specifically 
during genitalia development as flies with the TM6Bw+ balancer exhibited less malrotation of the genitalia when compared to 
flies lacking the balancer or possessing the CyOGFP balancer. 
 
 
Figure 23: Percentage of Eclosed Males Lacking TM6Bw+ Balncer that Exhibited Normal Genitalia Positioning 
Versus Abnormal Genitalia Positioning Following Methoprene Treatment 
The data suggests that the CyOGFP balancer may play a role in decreasing methoprene sensitivity of males, specifically during 
genitalia development as flies with the CyOGFP balancer exhibited less malrotation of the genitalia when compared to flies 
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An Increase in Taiman Availability Increases Methoprene Sensitivity 
 
 Since the presence of the second and third chromosome balancers affected methoprene 
sensitivity, the effect of taiman availability on methoprene sensitivity was compared between 
flies possessing the CyOGFP second chromosome balancer and the TM6Bw+ third chromosome 
balancer separately.  
 Based upon eclosion rates observed among flies possessing the TM6Bw+ balancer, 
methoprene sensitivity was found to increase as the number of taiman availability increased.  
Following methoprene treatment, 51.5% of the  2X TAI – 3rd Chrom. Balancer flies normally 
eclosed, while 20.9% of 3X TAI – 3rd Chrom. Balancer flies normally eclosed  (Figure 20).  
 Similarly, upon observation of the eclosion rates of flies with the CyOGFP balancer, 
methoprene sensitivity was found to increase as taiman availability increased. Following 
methoprene treatment, 62.1% of 3X TAI – 2rd Chrom. Balancer flies normally eclosed while 
27.2% of the 4X TAI – 2rd Chrom. Balancer flies normally eclosed (Figure 21).  
 The data confirms that methoprene sensitivity of flies is dependent upon the number of 























 This work examined the effects of taiman availability on methoprene sensitivity in 
Drosophila. Genetically, the role of taiman in the juvenile hormone pathway has yet to be 
demonstrated, however, this gene has been shown to serve as a co-factor to Methoprene-tolerant, 
or Met, the juvenile hormone receptor. Methoprene sensitivity was used to measure the juvenile 
hormone response, since methoprene mimics juvenile hormone action. Increased defects at a 
juvenile hormone sensitive period indicate that the pathway is responding. Increased methoprene 
sensitivity with increased taiman expression supports a role for TAI in the juvenile hormone 
pathway in Drosophila. 
 Overexpression of the taiman locus led to increased methoprene susceptibility. Flies 
homozygous for TAI::GFP in addition to possessing two copies of the endogenous taiman locus 
had higher levels of lethality and increased abdominal morphological defects following low dose 
methoprene treatment as compared to the VK33 flies. Since methoprene treatment of 
overexpressing taiman flies resulted in abnormal abdominal tissue development, this suggests 
that the taiman protein is involved in juvenile hormone reception, as increasing the amount of 
taiman increases the susceptibility to the disruptive influences of ectopic methoprene treatment.   
 Balancers utilized to create novel taiman genotypes were also found to effect methoprene 
sensitivity. It was found that flies possessing the TM6Bw+ third chromosome balancer had 
increased methoprene sensitivity as flies with this balancer had exhibited increased lethality 
following methoprene treatment. TM6Bw+ was shown to increase mortality of flies following 
methoprene treatment. However, among the flies that were able to eclose, males with the 
TM6Bw+ balancer demonstrated less abnormal genitalia rotation as compared to flies lacking 





 Flies with the CyOGFP balancer demonstrated decreased methoprene sensitivity when 
compared to flies with the TM6Bw+ balancer, as a smaller percentage of flies died following 
methoprene treatment. However, when compared to flies lacking any balancer, the CyOGFP 
balancer was shown to increase the methoprene sensitivity of flies, resulting in increased 
lethality. Similarly, of the flies which eclosed following methoprene treatment, it was found that 
males with the CyOGFP balancer decreased methoprene sensitivity during male genitalia 
development as a lower percentage of abnormal genitalia rotation was observed in males 
possessing this balancer when compared to males lacking the CyOGFP balancer. However, when 
compared to the effects of the TM6Bw+ balancer on methoprene sensitivity, the CyOGFP 
demonstrates increased methoprene sensitivity during male genitalia development.  
 It was not predicted that the balancers would have such a strong effect on methoprene 
sensitivity. Each balancer contains multiple visible mutations that are required to determine the 
genotype of the flies, as well as additional mutations that accumulate over time. It may be 
interesting to determine which of these additional mutations on CyOGFP chromosome lead to 
higher methoprene tolerance and which on the TM6Bw+ chromosome lead to lower methoprene 
tolerance. 
    Among the novel taiman genotypes created, it was found that methoprene susceptibility 
increased as the number of taiman copies found in the Drosophila genome increased. Taking 
into account the effect of the CyOGFP and TM6Bw+ balancers on methoprene sensitivity, flies 
overexpressing, or possessing more than two copies of taiman, demonstrated increased lethality 
following methoprene treatment. Therefore, methoprene sensitivity is directly related to taiman 
availability. This also suggests that the taiman protein is a limiting factor in juvenile hormone 





stages of embryo and larva. In addition, flies that do eclose exhibit morphological defects such as 
decreased rotation of the male genitalia. This data may serve to confirm that taiman serves as a 
co-factor for the juvenile hormone receptor, providing an explanation for the morphological 




 The methoprene sensitivity assays conducted confirmed that mutant taiman lines 
overexpressing taiman experience increased methoprene sensitivity, suggesting that methoprene 
sensitivity is dependent on taiman availability. The morphological defects and increased lethality 
observed serve as an indicator that taiman serves as a vital protein in juvenile hormone reception. 
 Since both Drosophila and humans share closely related genes that work in highly 
conserved regulatory networks, learning more about how taiman operates during the 
development of Drosophila can provide further insight on how the same gene affects hormonal 
activity and to what extent it is involved in growth and maturation within the human body. More 
specifically, learning about the role of taiman during development and its association with 
nuclear hormones, such as juvenile hormone, could be useful for creating targeted-drug therapies 
for development related diseases involving this gene.  
 Nuclear hormones, which are key regulators of development, work by binding to nuclear 
receptors that activate transcription in a ligand-dependent manner. Transcriptional activation also 
requires ligand-dependent association with coactivator proteins. Taiman is a conserved protein 
with similar functions in Drosophila and humans. In both taxa, it serves as a coactivator to 
several ligand-dependent transcription factors. Understanding the changes in sensitivity of 
taiman during hormonal irregularities or observing how mutations in taiman affect the 





Drosophila can be used as a model to test the effects of novel drugs on the biochemical pathways 
conserved within humans involving taiman that control many key cellular activities for 
development, such as cell division, differentiation, and movement.  
  
FINAL REFLECTION 
 In conducting this experiment, I had the opportunity to strengthen my foundation in 
genetics and better understand the fundamental principles governing that discipline.  Prior to 
working in the laboratory, I had only studied the theories governing genetics and performed very 
basic experiments in class. However, while working with Dr. Spokony, I was able to understand 
genetics in great depth and apply what I learned in class. For instance, I learned how to draw 
Punnett squares involving more than one chromosome to predict the genotypes and phenotypes 
of the offspring of particular parents. While scoring the flies, I saw that the results indeed 
matched the predictions. Additionally, working in the lab afforded me the opportunity to fine-
tune my laboratory techniques. Not only did my pipetting and microscopy skills improve, but I 
also learned to document the results of my hormonal treatments using imaging software to take 
photographs of treated and control animals.  
 Aside from learning and perfecting my laboratory techniques, through experimentation I 
was better able to understand the importance of investigating genes, such as taiman, that are 
involved in developmental biological pathways. I was able to observe firsthand how altering a 
gene’s expression, by either overexpressing or underexpressing it, could affect tissue 
development and the migration of cells. For instance, I observed how taiman overexpression led 





abdominal tissue development, but alterations in its ability to interact juvenile hormone disrupts 
normal fly maturation, a concept I had only learned about in theory previously.  
 Additionally, while I was aware that research would require a significant amount of time 
in the laboratory to properly set up experiments and document results, I did not realize that the 
time I would spend in the laboratory would be dictated by the development of the fruit flies I was 
using. Often times, I found myself in the lab on the weekends, as flies from the crosses I had set 
up began to eclose either earlier or later than predicted due to changes in temperature or poor 
development as a result of all the genes and mutations being inserted into the flies genome. My 
experiences led me to realize that conducting such research involves a large investment of time 
that most individuals are unaware of prior to entering the field.  
 Overall, my time in the lab has been a rewarding experience. Although it was a time 
consuming process, the knowledge I gained has been instrumental in my studies. I not only 
obtained a better understanding of how developmental biology is studied, but also its importance 
in the medical field in regards to creating targeted therapies for multiples hormonal diseases and 
disorders.  
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APPENDIX A: Key to Gene and Allele Symbols 
 
+ = wild type allele for trait under examination 
CyOGFP = CyO and GFP 
CyO = curly wings  
D = dumpy wings 
GFP = green fluorescent protein found on sides of larvae, pupae, and thorax of adult flies 
Sco = absence of bristles on scutellum (triangular part of dorsal thorax) in adult fly 
TM6Bw+ = additional bristles on the anterior thorax 
tai61G1 = mutant of taiman makes non-functional taiman protein product 
tai01351 = mutant of taiman make non-functional taiman protein product 
 (Note: tai61G1 and tai01351 are alleles of one another) 
w- , w+  and Y refer to the sex chromosomes  
w-  = allele on X chromosome for red eye color 
w+ = allele on X chromosome for white eye color 




















APPENDIX B: Supplemental Data 
 
Ectopic Methoprene Treatment of White Prepupae  
(Corresponds to Figure 10) 
 
Stage of Development Reached  












VK33  36 33 16 22 2 
+;TAI::GFP  36 28 12 16 0 
 
Ectopic Methoprene Treatment of White Prepupae  
(Corresponds to Figure 11) 
 
Stage of Development Reached 












VK33  36 34 8 16 0 
+;TAI::GFP  36 27 11 13 0 
 
Methoprene Treatment of Food  
(Corresponds to Figure 12) 
 
 Sample Size Number of Animals 
that Eclosed 
Number of Animals 
that Failed to Eclose 
Replicate 1 82 63 19 
Replicate 2 88 50 38 
Replicate 3 63 54 9 
Replicate 4 84 67 17 
 
Methoprene Treatment of Food 
(Corresponds to Figure 13) 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 28 18 10 
Replicate 2 26 18 8 
Replicate 3 28 18 10 





Offspring of Complementation Test (Cross 5) 













 Total (Sample Size) 
Replicate 1 31 11 42 
Replicate 2 24 9 33 
Replicate 3 12 2 14 
Replicate 4 9 10 19 
Replicate 5 10 9 19 
Replicate 6 13 4 17 
Replicate 7 15 4 19 
Total 114 49 163 
 
 
Offspring of Complementation Test (Cross 5) 





































Replicate 1 2 6 15 9 32 
 
 
Offspring of Complementation Test (Cross 5) Following Methoprene Treatment 














 Males Females Males Females 
Replicate 1 3 1 2 0 
Replicate 2 21 26 11 13 
Replicate 3 24 25 20 25 
Replicate 4 19 14 7 13 
Replicate 5 4 9 3 2 
Replicate 6 18 14 20 18 
Replicate 7 16 28 11 19 










Eclosion Rates of Complementation Test (Cross 5) Offspring Following Methoprene 
Treatment 













 Eclosed Failed to Eclose Eclosed Failed to Eclose 
Replicate 1 4 32 2 18 
Replicate 2 47 42 24 12 
Replicate 3 49 34 45 15 
Replicate 4 33 18 20 8 
Replicate 5 13 22 5 15 
Replicate 6 32 32 38 11 
Replicate 7 44 29 30 21 
Total 222 209 164 100 






 From Complementation Test (Cross 5) Following 
Methoprene Treatment 
(Corresponds to Figure 22) 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 21 9 12 
Replicate 2 24 5 19 
Replicate 3 19 8 11 
Replicate 4 7 1 6 
Replicate 5 18 5 13 
Replicate 6 16 1 15 
Total 105 29 76 
 





 From Complementation Test (Cross 5) Following 
Methoprene Treatment 
(Corresponds to Figure 23) 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 11 4 7 
Replicate 2 20 4 16 
Replicate 3 7 3 4 
Replicate 4 3 1 2 
Replicate 5 20 4 16 
Replicate 6 13 3 10 





Offspring of Cross 6 


























Replicate 1 26 55 18 26 125 
Replicate 2 26 80 27 39 172 
Replicate 3 21 71 14 30 136 
Replicate 4 37 73 18 39 167 
Replicate 5 19 48 12 19 98 
Total 129 327 89 153 698 
 
Offspring of Cross 6 Following Methoprene Treatment 


























Replicate 1 0 7 0 12 19 
Replicate 2 2 10 0 6 18 
Replicate 3 5 33 7 19 64 
Replicate 4 22 38 32 21 113 
Replicate 5 1 19 5 11 36 
Replicate 6 4 40 4 14 62 
Replicate 7 2 3 2 4 11 
Replicate 8 3 14 1 2 20 
Total 39 164 51 89 343 
 
 
Eclosion Rates of Cross 6 Offspring Following Methoprene Treatment 
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 Eclosed Failed to Eclose Eclosed Failed to Eclose 
Replicate 1 7 88 12 46 
Replicate 2 12 100 6 44 
Replicate 3 38 109 26 67 
Replicate 4 60 84 53 38 
Replicate 5 20 91 16 55 
Replicate 6 44 129 18 65 
Replicate 7 5 80 6 45 
Replicate 8 17 85 3 48 










 From Cross 6 Following Methoprene Treatment 
(Corresponds to Figure 22) 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 0 0 0 
Replicate 2 2 1 1 
Replicate 3 0 0 0 
Replicate 4 7 2 5 
Replicate 5 0 0 0 
Replicate 6 2 1 1 
Replicate 7 0 0 0 
Replicate 8 2 0 2 
Total 13 4 9 
 
 





 From Cross 6 Following Methoprene Treatment 
(Corresponds to Figure 23) 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 4 1 3 
Replicate 2 8 2 6 
Replicate 3 15 7 8 
Replicate 4 18 11 7 
Replicate 5 11 7 4 
Replicate 6 14 4 10 
Replicate 7 2 1 1 
Replicate 8 7 2 5 




















 From Cross 6 Following Methoprene Treatment 
(Corresponds to Figure 23) 
 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 0 0 0 
Replicate 2 0 0 0 
Replicate 3 6 3 3 
Replicate 4 12 2 10 
Replicate 5 2 0 2 
Replicate 6 3 1 2 
Replicate 7 1 1 0 
Replicate 8 0 0 0 








 From Cross 6 Following Methoprene Treatment 
(Corresponds to Figure 23) 
 
 Sample Size Number of Males with 
Correctly Rotated 
Genitalia 
Number of Males with 
Abnormally Rotated  
Genitalia 
Replicate 1 5 2 3 
Replicate 2 2 0 2 
Replicate 3 8 7 1 
Replicate 4 13 10 3 
Replicate 5 1 1 0 
Replicate 6 9 4 5 
Replicate 7 2 2 0 
Replicate 8 1 0 1 
Total 41 26 15 
 
 
